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Dying cells are common in adult neurogenic niches, but how these cells are cleared remains uncertain. In this
issue ofCell StemCell, Sierra et al. (2010) show that unactivatedmicroglia assume the role of wastemanagers
to eliminate cellular debris from apoptosing newborn cells in the hippocampus.Adult neurogenesis, the production of
new neurons in the nervous system of
adult organisms, is often thought of in
terms of the intrinsic processes regulating
cell proliferation within neurogenic niches.
Short shrift, by contrast, has been given to
the mechanisms by which many of these
newborn cells are culled and removed
from the niches that give rise to them,
especially under normal, nonpathological
conditions. In this issue of Cell Stem
Cell, Sierra et al. (2010) have begun to
rectify this oversight. The authors have
conducted a meticulous study of apop-
tosing newborn cells originating in the
subgranular zone (SGZ) of the mouse
hippocampal dentate gyrus, an adult
neurogenic niche. The production of new
granule cells from this compartment is
implicated in learning and memory
processes mediated by the hippocampus
and is known to be dysregulated in
numerous pathological states (Shruster
et al., 2010, Ekdahl et al., 2009). Tissue
homeostasis in the SGZ is therefore of
considerable interest for understand-
ing the function of adult neurogenesis
as it relates to hippocampal-mediated
behavior.
It has long been known that most
progenitor cells derived from stem cell
niches in the brains of adult mammals
die soon after they are born (Morshead
and van der Kooy, 1992). Apoptotic cells
have previously been found to be more
abundant in neurogenic niches (Biebl
et al., 2000) than elsewhere in the brain,
and constitutive overexpression of the
anti-apoptotic factor Bcl-2 has been
found to increase the number of granule
cells generated by the SGZ (Kuhn et al.,
2005). This pattern has lead to the
conventional view that substantial turn-
over of newborn neurons occurs before
their functional integration into neuralnetworks, with newborn cells apoptosing
and the resulting debris being cleaned
up by microglia, astrocytes, or other cells
capable of phagocytosis. Notably, micro-
glia have also been shown to influence
niche function, particularly in pathologi-
cal states and in enriched environments
associated with spatial learning para-
digms (Ekdahl et al., 2003, Ziv et al.,
2006). Unfortunately, evidence describing
the death and disposal of new neurons
from adult neurogenic niches under nor-
mal conditions has heretofore been frag-
mentary. Sierra et al. have thus set out
to examine this process in more detail.
They have elegantly demonstrated that
the majority of new neurons born from
this niche die by apoptosis within a critical
period, a mere 2–4 days after birth, and
that their apoptotic corpses are rapidly
and efficiently phagocytosed from the
SGZmicroenvironment by ramified, unac-
tivated microglia (neuroimmune cells of
the macrophage lineage). In doing so,
the authors have simultaneously over-
turned the conventional view that micro-
glia require activation for phagocytosis
and characterized critical spatiotemporal
parameters that define the turnover of
new neurons.
The study is primarily descriptive,
relying on careful imaging and quantifica-
tion of immunohistological markers for
dividing and apoptotic cells as well as
for relevant cell types present in the
SGZ, in order to ascertain the identity of
the dying cells. The strength of this study
is found in its straightforwardness and
clarity, which should serve as a reminder
that important findings are often ‘‘hiding
in plain sight,’’ but may require careful
observation and quantification rather than
complex experimental manipulation to be
elucidated. Sierra et al. first demonstrate
that apoptotic cell bodies, identified bothCell Stem Cellby morphology and by markers for apo-
ptosis, are engulfed by transgenically
labeled microglia in the SGZ. The vast
majority of the apoptotic cells are located
within microglia, and none are found
within other cell types, putting to rest
speculation that SGZ astrocytes may
be responsible for removing apoptotic
debris.
Given that we ordinarily think of micro-
glia as being phagocytic only when they
are activated, Sierra et al. proceeded
to examine SGZ microglia for markers of
activation. They found that these micro-
glia engulfed apoptotic debris without
becoming activated, and instead re-
mained in their normal, ramified state.
Ramified microglia, characterized by
highly motile processes, have previously
been thought of as being phagocytically
quiescent, but it has recently been specu-
lated that they may use their processes
as ‘‘phagocytic or endocytic tentacles’’
(Neumann et al., 2009). Evidence pre-
sented by Sierra et al. strongly supports
this notion, demonstrating that microglia
in the SGZ phagocytose apoptotic bodies
into their processes in a ‘‘ball-and-chain’’
fashion.
In addition to determining that microglia
serve as the custodians in neurogenic
areas, the authors also sought to identify
the cells being phagocytosed on the basis
of the expression pattern of a series of cell
stage- and cell type- specific markers.
This type of analysis is challenging to
perform on dying cells, and the data are
equivocal, but overall suggest that most
of the apoptosed cells were transitioning
from proliferating to postmitotic neuronal
progenitors. This interpretation is also
well supported by a series of detailed
pulse-chase experiments using the thymi-
dine analog BrdU to label proliferat-
ing cells. These experiments and their7, October 8, 2010 ª2010 Elsevier Inc. 421
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Previewsanalyses are tedious work, but have paid
off in this instance by revealing a correla-
tion between the loss of BrdU-positive
nuclei and the appearance of BrdU-posi-
tive apoptotic bodies. The bulk of this
apoptosis occurs within 4 days, which
correlates well with the marker analysis,
and happens long before the migration
of the cells from the SGZ into the granular
layer. This finding is of particular interest,
given that it suggests that microglial
phagocytosis of dying newborn cells is
required to keep the extracellular milieu
of the SGZ free of secondarily necrotic
debris. The examined microglia seem to
be well suited for this role, clearing
apoptotic cells in 1.5 hr and leaving very
few un-engulfed at any given time. The
efficiency of the microglia remains unal-
tered by age or inflammatory challenge.
Sierra et al. suggest that apoptosis of
these new neurons might be a built-in
component of their mitotic program, aris-
ing from asymmetric division. If this is the
case, then it may be that the normal func-
tion of the niche is actually dependent on422 Cell Stem Cell 7, October 8, 2010 ª2010microglial phagocytosis, a previously
unappreciated facet of neurogenesis in
the SGZ.
These findings thus raise a number of
interesting conceptual issues for the study
of adult neurogenesis. Is the phagocytic
activity of ramified microglia unique to
neurogenic compartments, or is it wide-
spread throughout the brain? Sierra et al.
did not find microglia cell bodies closely
apposed to those of newborn neurons or
their progenitor cells. Is it appropriate to
think of microglia as being part of the
neurogenic niche? How are the phago-
cytic functions of these microglia related
to their recently described ability to regu-
late niche activity (Ziv et al., 2006)? How
are the microglia themselves turned
over? It is clearly necessary to expand
our knowledge of what is apparently
a complex, dynamic, and tightly integrated
relationship between adult neurogenesis
and the neuroimmune system. We look
forward to further studies that will continue
to highlight the macabre work of microglia
in regulating adult neurogenesis.Elsevier Inc.REFERENCES
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Tumor necrosis factor-a (TNF-a) has complex effects on muscle regeneration. In this issue of Cell Stem Cell,
Palacios et al. (2010) report that TNF-a-activated p38a kinase controls differentiation of muscle stem cells by
promoting polycomb repressive complex 2 (PRC2) silencing of the Pax7 promoter.Skeletal muscle growth and adaptation in
adults requires activation of resident
muscle stem cells called satellite cells.
Satellite cells are instrumental for repair
ofmuscle fibers during disease processes
such as inflammation and muscle dys-
trophy but also after excessive exercise
or unaccustomed physical activities. As
activated satellite cells proliferate and
differentiate, their chromatin architecture
undergoes changes from strongly con-
densed to more open to regulate theseprocesses. The global transition from a
condensed to an open chromatin state
involves activation of gene loci for muscle
specific transcription factors such as
MyoD and Myogenin that are silenced in
satellite cells. However, expression of
regulators critical for maintaining satellite
cells, such as Pax7, needs to be shut off
to allow differentiation to proceed. In this
issue of Cell Stem Cell, Palacios et al.
(2010) now demonstrate that the proin-
flammatory cytokine tumor necrosis fac-tor-a (TNF-a), generated during the
course of muscle regeneration by infil-
trating cells and damaged muscle fibers
(Figure 1A), signals via p38a to regulate
satellite cells. Activation of the p38a-
signaling pathway stimulates complex
formation between the PRC2 subunit
EZH2 and YY1, which leads directly to
repression of the Pax7 promoter
(Figure 1B).
Various growth factors and cytokines
(e.g., IGF-I, FGFs, NGF, HGF, BMPs,
